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(54) Method and device for thickness assessment 

(57) In a method for assessing the thickness of a 
measuring object (A), light is emitted towards the object, 
and the intensity of the light transmitted through the ob- 
ject is measured, resulting in a measurement curve (Y). 

The measurement curve is compared with a calibra- 
tion curve (P), which has been determined in similar 
fashion for a calibration object, in order to identify at least 
one interval of the measurement curve within which the 
intensity varies in the same manner as within one interval 
of the calibration curve. The average value of the inten- 
sity in the respective intervals is determined, and the 
thickness of the object is assessed on the basis of a com- 
parison between the average values. Alternatively, one 
identifies at least one interval of the measurement curve 
including points of either the highest or the lowest inten- 
sity in the curve. The average value of the intensity in 
this interval is determined and is compared with the av- 
erage value of the intensity in at least one interval of the 
calibration curve, this interval including points of either 
the highest or the lowest intensity in the calibration curve. 

A device for implementing the method is also dis- 
closed. 
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Description 

Background of the Invention 

This invention relates to a method for assessing the 
thickness of a measuring object, wherein light is emitted 
towards said object, and the intensity of the light trans- 
mitted through said object is measured. 

The invention also concerns a device for implement- 
ing the inventive method. 

Description of the Prior Art 

In the graphic industry, there is often a need of 
checking that a single sheet of paper at a time is being 
fed along a path in various machines. Such machines 
include collators, sorters, enveloping machines and in- 
serters. 

This check can be performed automatically by hav- 
ing the sheets pass between a light source and a light 
sensor arranged opposite thereto. When a sheet is lo- 
cated between the light source and the light sensor, it will 
absorb part of the light emitted by the light source, such 
that the intensity of the received light, i.e. the intensity of 
the light transmitted through the sheet, is lower than that 
of the emitted light. The size of the intensity reduction is, 
among other things, due to the thickness of the sheet. 
By comparing the intensity of the transmitted light with a 
reference value established in advance for a sheet of the 
type at issue, it is possible to determine the thickness of 
the sheet and thus decide whether the sheet really is a 
single sheet or whether two sheets have adhered to each 
other and are being conveyed together as if they were a 
single sheet. To be more specific, a single sheet is con- 
sidered to have been located between the light source 
and the light receiver during the measurement if the in- 
tensity of the transmitted light essentially agrees with the 
reference value, and the sheet is considered to have 
been double if the intensity value is approximately half 
of the reference value. 

This check is performed at one point on each sheet. 
Since the transmittance may vary over the sheet, for in- 
stance as a result of print, the check must, however, be 
carried out on one and the same spot on each sheet in 
order that the comparison with the reference value 
should give a reliable result. To this end; the thickness 
assessment is t as a rule, synchronised with the feeding 
of the path, for instance by making an assessment every 
time a transducer has detected a predetermined convey- 
ance of the path. In actual practice, however, the thick- 
ness assessment is often performed on different spots 
on the sheet, since the sheets when placed on the path 
may come to occupy different positions and be differently 
spaced apart. 

Even if one were to succeed in performing the check 
at one and the same point on all the sheets, one could, 
however, not be sure of obtaining correct results. The 
position of print, if any, on the sheet of paper may vary, 



such that a given spot on the paper is sometimes pro- 
vided with print and sometimes not. Furthermore, a var- 
ying amount of pores and a varying fibre content of the 
sheets may give rise to variations of the intensity of the 

s light transmitted, which bear no relation to the thickness. 
The problems described above are also encoun- 
tered elsewhere in industry, where one wishes to assess 
the thickness of a measuring object on the basis of the 
intensity of light transmitted through the object. The pur- 

10 pose of such a thickness assessment may, for instance, 
be to obtain an explicit value of the thickness of the 
measuring object, to check that the measuring object has 
a desired thickness, to determine the number of sheet- 
like layers of the measuring object, or to check that the 

15 measuring object contains a desired number of layers. 

Summary of the Invention 

One object of the present invention thus is to provide 
20 a method and a device solving the problems mentioned 
above. 

Another object of the invention is to provide a meth- 
od and a device yielding more accurate measuring re- 
sults and reducing the risk of errors occurring in the 
25 check of the measuring objects. 

According to the invention, these objects are 
achieved by a method and a device having the distinctive 
features recited in the appended claims. 

The invention is based on the idea of trying to locate 
30 such spots on the measuring objects for performing the 
thickness assessment as are compatible in so far as oth- 
er transmittance^affecting parameters than the thickness 
are as similar as possible. 

These compatible spots may be found by measuring 
35 the intensity of the transmitted light at a plurality of points 
along the sheet and comparing the thus-obtained meas- 
urement curve with a previously determined calibration 
curve, so as to identify at least one interval of the meas- 
urement curve within which the intensity varies in the 
40 same manner as within one interval of the calibration 
curve. These intervals are considered to be associated 
with compatible spots on the measuring sheet and the 
calibration sheet and are therefore used in the thickness 
assessment. Alternatively, one identifies at least one in- 
45 terval of the measurement curve that includes points 
having the highest (lowest) intensity in the measurement 
curve. The average value of the intensity in this interval 
is determined and compared with the average value of 
the intensity in at least one interval of the calibration 
50 curve, this interval including points having the highest 
(lowest) intensity in the calibration curve. 

Brief Description of the Drawings 

55 An embodiment of the invention will now be de- 
scribed in more detail with reference to the accompany- 
ing drawings, in which 
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Fig. 1 is a block diagram illustrating an embodiment 
of the device according to the invention; 

Fig. 2 is a diagram illustrating how compatible inter- 
vals are identified in a measurement curve and a cal- s 
ibration curve in a first mode of implementation of 
the invention; and 

Fig. 3 is a diagram analogous with that of Fig. 2 and 
illustrates how compatible intervals are identified in 
a measurement curve and a calibration curve in a 
second mode of implementation of the invention. 

Description of the Preferred Embodiment 

As appears from Fig. 1 , a device according to the 
invention comprises a light source 1 , a light sensor 2, as 
well as electronic equipment for controlling the light 
source and assessing the thickness of the measuring ob- 
ject on the basis of the light received by the light sensor 
2. The light source 1 may, for instance, consist of a 
light-emitting diode or the like, emitting light of a given 
wavelength. The light sensor 2 may consist of a 
light-sensitive semiconductor, such as a photodiode or 
a phototransistor. 

The light source 1 and the light sensor 2 are ar- 
ranged opposite to each other, such that a measuring 
object A, for instance a sheet of paper, may pass be- 
tween them. The light sensor 2 is connected to an ana- 
log-to-digital converter 3, which in turn is connected to a 
signal-processing device, e.g. a digital low-pass filter 4 
another signal extraction element. The output of the filter 
4 is connected to a sensor<ontrolling means 5 which, 
via a digital-to-analog converter 6 and an amplifier 7, is 
connected to the light source 1 and is adapted to control 
the latter. 

The output of the filter 4 is further connected to a 
buffer 8 of FIFO type, from which the values are output- 
ted in the same order as they are inputted. The output of 
the FIFO buffer is connected to an interval-identification 
means 9, which is adapted to identify one of more parts 
of a measurement curve that are to be used in the thick- 
ness assessment, where they are compared with one or 
more comparable parts of a previously determined cali- 
bration curve. The calibration curve is stored in a mem- 
ory 10, which is connected to the identification means 9. 
The buffer 8, the identification means 9 and the memory 
10 are all connected to a calculation means 11 adapted 
to calculate the average values of the identified intervals. 
This calculation means 11 is connected to a decision 
means which, on the basis of the average values calcu- 
lated, decides whether the measuring object is, say, a 
single or a double sheet, whether the measuring object 
is too thin or too thick, or whether the measuring object 
comprises a desired number of sheetlike layers. Con- 
veniently, all processing of the measurement values, as 
well as the sensor control , may be performed with the 
aid of a microcomputer, for which reason the blocks 4, 5 



and 8-12 in Fig. 1 may be implemented with the aid of 
program modules. 

Here follows a description of how the device oper- 
ates when used for checking that only one sheet at a 
time is conveyed along a path. 

When a transducer (not shown) disposed adjacent 
to the device driving the path emits a signal indicating 
that the path has been fed forwards to such an extent 
that a sheet should be located in a suitable position be- 
tween the light source 1 and the light sensor 2, the sen- 
sor-controlling means 5 causes the light source 1 to emit 
light pulses of a certain frequency and intensity during a 
given period. The time and the frequency have been so 
chosen that at least 100 measuring points are obtained 
along a measurement stretch of 5-10 cm. It should here 
be pointed out that the light need not be pulsed, but that 
use may also be made of continuous light. 

The light pulses are transmitted through the sheet 
A, which absorbs some of the light, and is received by 
the light sensor 2, the intensity of the received light puls- 
es being thus lower than that of the emitted pulses. 

The received pulses are analog-to-digital converted 
by the analog-to-digital converter 3 and are then 
low-pass filtered by the digital filter 4 and stored in the 
buffer 8. 

As mentioned in the foregoing, the present invention 
is based on the idea of measuring the intensity of the 
transmitted light at a plurality of points along the sheet 
and comparing the thus-obtained measurement curve 
with a calibration curve, so as to identify at least one in- 
terval of the measurement curve corresponding to one 
interval of the calibration curve, thus ensuring that the 
thickness assessment is based on compatible values of 
the intensity of the transmitted light. 

Before the device can be put to a specific use, it thus 
has to be suitably calibrated. In the application described 
here, a sheet of paper is fed through the device, an op- 
erator checking manually that it is really just one sheet. 
A calibration curve for this sheet is established by deter- 
mining the intensity of the transmitted light at a plurality 
of points along a calibration stretch on the sheet. Then, 
the calibration curve is stored in the memory 1 0. The cal- 
ibration may, of course, be based on several sheets, in 
which case the average value of every point in the cali- 
bration curves established is used for creating the final 
calibration curve. 

When the intensity of the transmitted light has been 
determined for a plurality of points on a sheet and been 
stored in the buffer 8 in the form of a measurement curve, 
as described in the foregoing, the measurement curve is 
compared with the calibration curve by the identification 
means 9. When the identification means 9 has identified 
an interval of points in the measurement curve within 
which the intensity of the transmitted light varies in the 
same manner as within an interval of the calibration 
curve, these two intervals are considered to be associ- 
ated with compatible parts of the sheet. It should be ob- 
served that these compatible parts need not be located 
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on the same spot of the measuring sheet and the cali- 
bration sheet, but they are positioned in the same way 
in relation to print, coloured portions and the like, such 
that these parameters affect the calibration and the 
measurement in the same fashion. Thus, variations of 
the transmittance may be regarded to be due primarily 
to thickness variations. 

Thereafter, the average value of the intensity of the 
transmitted light is determined in the identified interval of 
the measurement curve as well as in the identified inter- 
val of the calibration curve. (If no compatible intervals 
are found, the average values for the entire measure- 
ment curve and the entire calibration curve are deter- 
mined.) Then, the two average values are compared with 
each other. If these values are essentially the same, only 
one sheet is considered to have passed between the 
light source and the light sensor. If, however, the average 
value of the measuring object is approximately half of the 
calibration average value, two sheets are considered to 
have passed the device, and an alarm is given, indicating 
the presence of a double sheet. Finally, if the average 
value of the measuring object is much higher than the 
calibration average value, the conclusion is that no sheet 
was located in the device during the measurement, and 
an alarm is given, indicating the absence of a sheet. In 
the comparison, the quotient of the average values is 
suitably determined, such that the relative thickness of 
the measuring object in relation to the calibration object 
is obtained. 

Fig. 2 shows the intensity of the transmitted light as 
a function of the measuring points of a calibration curve 
P as well as a measurement curve Y. In the curves are 
indicated those intervals of measuring points that are re- 
garded as compatible owing to similar variations of the 
light intensity. The length of these intervals may vary 
from one sheet to another and may, in rare cases, be 
identical with, respectively, the entire measurement 
stretch and the entire calibration stretch. In the example 
illustrated in Fig. 2, the average value of the intensity of 
the transmitted light in the interval of the measurement 
curve is half of the corresponding average value for the 
calibration curve, the conclusion being that a double 
sheet has passed the device when the measurement 
curve was established. 

The method described above of finding compatible 
intervals of the measurement curve and the calibration 
curve is primarily intended to be used in applications 
where the position of the measuring object on the path 
and the position of print or the like vary but to a small 
extent in the lateral direction, such that the "patterns" 
found along the measurement stretches on the measur- 
ing objects and along the calibration stretch on the cali- 
bration object are approximately the same. 

Fig. 3 illustrates a method suited for use when the 
lateral variations are considerable and it therefore is dif- 
ficult to find intervals of the calibration curve and the 
measurement curve where the intensity varies in a sim- 
ilar fashion. In this method, the thickness assessment is 



based on those parts of the measurement curve and the 
calibration curve that correspond to spots on, respective- 
ly, the measuring object and the calibration object where 
there is no print. In the case of a white sheet with print 
5 on it, the thickness assessment involves the white parts 
of the sheet. In order to identify one or more intervals of 
the measurement curve corresponding to white parts of 
the sheet, a predetermined number of points of the high- 
est intensity, for instance 10% of the number of measur- 
io jng points, can be identified in the measurement curve 
Y, as illustrated in Fig. 3. Thereafter, the average value 
of these identified points is determined and compared 
with the average value of the same number of points hav- 
ing the highest intensity in the calibration curve P, so as 
'5 to assess the thickness of the measuring object. Alter- 
natively, all the points in the measurement curve having 
an intensity exceeding a predetermined threshold value 
can be identified, and the average value of the intensity 
at these points can be compared with the average value 
of the intensity at corresponding points in the calibration 
curve, so as to assess the thickness of the measuring 
object. 

In the case with light print on a dark background, use 
is, of course, made of the points of the lowest intensity 
instead of those of the highest intensity. 

When a whole set of sheets is printed with the same 
print, the intensity of the print may come to vary within 
the set. For instance, the print may become gradually 
weaker. Furthermore, the material of which a set of 
measuring objects is made may vary. In order to prevent 
that such, often slow variations of parameters affecting 
the transmittance of the measuring object give rise to er- 
rors in the measurement ODeration, the calibration curve 
may advantageously be updated as the measurement 
proceeds. 

Such updating may be performed in the following 
manner. When an object has been measured and it has 
been established that the object consists of a single 
sheet, as desired, the difference between the average 
value of the measurement interval and the average value 
of the calibration interval is determined. Then, the whole 
calibration curve is parallel-offset by, for instance, half of 
the difference between the two average values. 

Another problem encountered in devices of the type 
described above is the difficulty of finding light sensors 
that are linear within a large area and thus are able to 
measure with high accuracy objects made from different 
materials and having different thicknesses. In order to 
solve this problem, use is, according to the invention, 
made of a sensor that is linear within a smaller area, and 
one instead varies the intensity of the light source, such 
that the intensity of the transmitted light is at all times 
located within the linear area of the receiver. To this end, 
the sensor -controlling means 5 is adapted to receive the 
output signal from the filter 4 and to control, via the dig- 
ital-to-analog converter 6 and the amplifier 7, the inten- 
sity of the light emitted by the light source 1 as a function 
of the intensity received by the light sensor 2. 
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When the intensity of the emitted light is not con- 
stant, it is, of course, impossible to compare the meas- 
urement curve and the calibration curve directly, but eve- 
ry point of the two curves first has to be normalised with 
respect to th intensity of the light emitted when the point 
was recorded. 

In the above embodiment of the inventive device, the 
thickness assessment is synchronised with the feeding 
of the path, and the light source 1 only emits light pulses 
during a predetermined measuring period. Alternatively, 
the device may detect the front edge of every sheet pass- 
ing through it. For this purpose, the light source 1 con- 
tinuously emits light pulses, and the front edges of the 
sheets are detected when the intensity of the received 
light suddenly falls below that of the emitted light. When 
the front edge of a sheet has been detected, the device 
preferably waits for a certain time before recording the 
measurement curve. By detecting a predetermined al- 
teration of the intensity of the received light, the device 
may also in some cases find a given spot on a measuring 
object where the thickness is to be measured. 

When calibrating the inventive device in view of a 
specific application, or when continuously updating the 
calibration curve, the device automatically checks that 
the calibration curve is located within a measurement 
area that it is capable of processing. If need be, it also 
verifies that the double-sheet check, the check on 
too-thick material, the check on the absence of a sheet, 
or the check on too-thin material may be performed. If 
any intended check cannot be carried out, the device au- 
tomatically switches this function off. This may be an ad- 
vantage, for instance when several stations are to be 
checked separately and one station is not used for the 
time being. If so, the device need not be switched off, but 
it is calibrated for "no sheet", which means that it will give 
an alarm only if a sheet passes it. 

The above description focuses on a mode of imple- 
mentation, in which the method and the device according 
to the invention are used for checking that only one sheet 
at a time is fed on a path. 

However, the method and the device according to 
the invention may also be used for e.g. checking that an- 
other predetermined number of sheets at a time are fed 
on the path; assessing whether the thickness of a meas- 
uring object falls within a desired interval, which can be 
defined on the basis of the relative thickness; determin- 
ing an explicit value of the thickness of the measuring 
object, which however requires that the thickness of the 
calibration object is known; or explicitly determining the 
number of sheets or sheetlike layers of a measuring ob- 
ject. 



Claims 

1. A method for assessing the thickness of a measur- 
ing object, wherein light is emitted towards said 
object, and the intensity of the tight transmitted 



through said object is measured, characterised by 
determining a measurement curve (Y), which repre- 
sents the intensity, along a measurement stretch of 
said object, of the light transmitted through said 

5 object; identifying at least one interval of the meas- 
urement curve; and comparing the intensity in the 
identified interval with the intensity in a correspond- 
ing interval of a calibration curve (P), which repre- 
sents the intensity of light that has been transmitted 

to through a calibration object along a calibration 
stretch, in order to asses the thickness of the meas- 
uring object, the identified interval of the measure- 
ment curve and the corresponding interval of the cal- 
ibration curve representing comparable parts of the 

'5 measuring object and the calibration object. 

2. A method as claimed in claim 1 , characterised in 
that the interval of the measurement curve is identi- 
fied by identifying a predetermined number of points 

20 in the measurement curve having either the highest 
or the lowest intensity. 

3. A method as claimed in claim 1 , characterised in 
that the interval of the measurement curve is identi- 

25 tied by identifying those points in the measurement 
curve whose intensity either exceeds or falls below 
a predetermined threshold value. 

4. A method as claimed in claim 1 , characterised in 
30 that the interval of the measurement curve is identi- 
fied by identifying an interval within which the inten- 
sity variations substantially agree with the intensity 
variations within an interval of the calibration curve. 

35 5. A method as claimed in any one of the preceding 
claims, characterised in that the assessment of the 
thickness of the measuring object comprises the 
step of determining an explicit value of the thickness 
of the measuring object or an explicit value of the 
40 number of sheetlike layers of said object. 

6. A method as claimed in any one of claims 1 -4, char- 
acterised in that the assessment of the thickness 
of the measuring object comprises the step of 

45 assessing whether said thickness falls within a 
desired interval or whether the number of sheetlike 
layers of said object is the desired number. 

7. A method as claimed in any one of the preceding 
so claims, characterised in that the assessment of the 

thickness of the measuring object comprises the 
step of assessing whether the measuring object is 
too thin or too thick, and that, when establishing the 
calibration curve, a check is performed on whether 
55 a measurement curve for a too-thick or too-thin 
measuring object will fall within a predetermined 
measurement area and, if this is not so, the corre- 
sponding assessment is not carried out. 
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8. A method as claim d in any one of the preceding 
claims, chara t rl ed in that, when assessing the 
thickness of said measuring object, the average 
value of the intensity of th transmitted light is cal- 
culated in said interval of th measurement curve s 
and compared with the average value of the intensity 

of the transmitted light in said interval of the calibra- 
tion curve. 

9. A method as claimed in claims 6 and 8, character- 10 
ised in that, if said thickness or said number is found 

to agree with the desired thickness or number, the 
level of the calibration curve is altered as a function 
of the difference between said average values for 
the calibration curve and the measurement curve in '5 
order to produce a continuous calibration. 

10. A method as claimed in any one of the preceding 
claims, characterised in that the intensity of the 
transmitted light is determined at 100 points at the 20 
least along the measurement stretch and the cali- 
bration stretch. 

11. A method as claimed in anyone of preceding claims, 
characterised in that the intensity of the emitted 2s 
light is adjusted as a function of the intensity of the 
transmitted light, and that the measurement curve 
and the calibration curve are normalised with 
respect to the intensity of the emitted light. 

30 

1 2. A method as claimed in any one of the preceding 
claims, characterised in that the presence of a 
measuring object or of a predetermined spot on said 
object is detected by locating a predetermined vari- 
ation of the intensity of the received light. 35 

1 3. A device for assessing the thickness of a measuring 
object, comprising a light source (1 ) and a light sen- 
sor (2), which are disposed opposite to one another 
and are spaced apart to enable the passage of a 40 
measuring object (A) therebetweeen, character- 
ised by a first memory means (10) for storing a cal- 
ibration curve representing the intensity of the light 
that has been transmitted through a calibration 
object along a calibration stretch, a second memory <*s 
means (8) for storing a measurement curve repre- 
senting the intensity of light that is received by the 
light sensor (2) during a measurement period, and 
comparing means (9) for comparing the intensity in 
one interval of the measurement curve with the so 
intensity in a corresponding interval of the calibration 
curve. 

14. A device as claimed in claim 13, characterised by 
means (5-7) for adjusting the intensity of the light ss 
source (1) as a function of the intensity of the light 
received by the light sensor (2). 
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(54) Method and device for thickness assessment 

(57) tn a method for assessing the thickness of a 
measuring object (A), light is emitted towards the object, 
and the intensity of the light transmitted through the ob- 
ject is measured, resulting in a measurement curve (Y). 

The measurement curve is compared with a cali- 
bration curve (P), which has been determined in similar 
fashion for a calibration object, in order to identify at 
least one interval of the measurement curve within 
which the intensity varies in the same manner as within 
one interval of the calibration curve. The average value 
of the intensity in the respective intervals is determined, 
and the thickness of the object is assessed on the basis 
of a comparison between the average values. Alterna- 
tively, one identifies at least one interval of the meas- 
urement curve including points of either the highest or 
the lowest intensity in the curve. The average value of 
the intensity in this interval is determined and is com- 
pared with the average value of the intensity in at least 
one interval of the calibration curve, this interval includ- 
ing points of either the highest or the lowest intensity in 
the calibration curve. 

A device for implementing the method is also dis- 
closed. 
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